Abstract Purpose: To analyze the results of our transferred embryos, especially those that "changed" their blastomere nuclearity from Multinucleated (MN) to Mono-nucleated during development.
Introduction
Over the years, people who work with assisted reproductive technologies have made many efforts to select the best embryos for transfer. Several selection strategies have been used for this purpose. The first and most widely practiced is selection by embryo morphology. This method calls for revising cell number, symmetry, embryo fragmentation and blastomere nuclearity. Other selection strategies are early zygote evaluation, early division and embryo auto selection, through culturing in sequential media with transfers performed at the blastocyst stage. An additional selection strategy consists in using preimplantation genetic diagnosis (PGD), which allows identification of embryos with a correct chromosome complement through fluorescence in-situ hybridization (FISH).
Since the final goal is to select the best embryos for transferring, we have to monitor embryos very carefully during development. Our study focuses in one of the embryo selection parameters: BLASTOMERE NUCLEARITY; particularly, on the outcome of the transferred embryos that showed blastomeres multinucleation (which is defined as two or more nuclei present in one cell at a given time) and changed its nuclearity during development.
The presence of multinucleated (MN) blastomeres in embryos arising through IVF procedures has been described to range from 14.3% to 74% [1] [2] [3] [4] [5] [6] and 43% to 87% of the patients to have MN embryos [3, 4, 7] .
The fact that embryos with MN blastomeres present poor implantation potential has been well documented [2, [8] [9] [10] . Moreover, there are reports that show that transferring of only mono-nucleated embryos yields better pregnancy rates than transferring of mixed mono-nucleated and MN embryos [9] [10] [11] .
Multinucleation has been associated with developmental arrest [1-4, 7, 12-15] , poor embryo morphology [1, 2, 7] , elevated fragmentation [2, 3] , repeated cycles [3] , blastomere asymmetry [16, 17] and higher multinucleation rate on 2-cells when compared with more developed embryos [1, 3, 5, 7, 13, 15, 18] . Multinucleation has also been associated with higher blastomere diameter [1, 6] , decrease in blastocyst formation rate [5, 7, 15, 19] , reduced capacity of development on siblings of MN embryos [2, 5] , high amount of oocytes retrieved and elevated E 2 levels [2, 3, 20] , follicles hypoxia [21] , culture media [13, 22] , the use of GnRH antagonist [23] and apoptosis [6] .
Studies on the chromosomal status of MN embryos indicate that most of them resulted in chaotic or abnormal complement numbers [17, 24] . Kligman et al. [8] found 74.5% of chromosomal abnormalities in MN embryos versus 32.3% on mono-nucleated embryos using five FISH probes.
Based on all of the above observations, consensus has been reached: embryos with MN blastomeres are highly unsuitable for replacement and should be excluded for transferring unless non-MN embryos are available [7, 8, 12] .
Reports on MN cells that evolved to mono-nucleated blastomeres [13, 25, 26] , eventually giving rise to normal pregnancies [2, 3, 7, 9, 27] , led us to investigate the outcome of our transferred MN embryos, specifically those that "changed" from MN to mono-nucleated blastomeres (those, we named "Corrected Embryos").
Materials and methods
Between February 2003 and January 2005, 704 patients underwent IVF treatment at our Fertility Clinic, Centro Médico Docente La Trinidad, Caracas, Venezuela. These are the cases included in our study. All transfers done during this period were retrospectively analyzed and categorized to determine the fate of the transferred embryos, especially those with MN blastomeres.
Ovarian stimulation
Ovarian stimulation protocols have been previously described by Rísquez [28] . Briefly, pituitary down-regulation was achieved by treatment with the gonadotrophin-releasing hormone (GnRH) analogue leuprolide acetate (Lupron; Abbott Laboratories) initiated in the preceding midluteal phase; or antagonist (Cetrotide, Serono) when follicles reached 14 mm. Ovarian stimulation was induced with recombinant FSH (rFSH; Gonal-F; Serono), and recombinant LH (rLH; Luveris; Serono). Follicular development was monitored by vaginal ultrasound and serum E 2 measurements. For ovulation induction 10,000 IU of human chorionic gonadotrophin (HCG; Profasi; Organon or Ovidrel; Serono) was administered. Oocyte retrieval was performed 36 h after HCG injection by transvaginal ultrasound-guided puncture.
Laboratory routine
Standard laboratory procedures were used [29] . Briefly, oocytes were inseminated or injected 5-6 h post-egg retrieval by standard procedures. Fertilization was confirmed by the presence of two pronucleus 18-20 h after insemination/injection. Pronuclei per zygote were scored based on characteristics described by Scott et al. [30] . Embryos were cultured individually in 20 µl droplets of P1 (Irvine Scientific) or Global media (Life Global) supplemented with 10% of synthetic serum substitute (SSS; Irvine Scientific) under mineral oil (Lite oil, Life Global) on 5% CO 2 in air at 37
• C for three days. Evaluation, score and record of each embryo were performed on a daily basis using an X40 objective on an inverted Nikon Diaphot 200 microscope using Hoffman modulation contrast optics on a heated stage (Tokai Hit Co., LTD, Japan). On day three, between one and three embryos were routinely transferred using Frydman Classic Catheter 4,5-5,5 or Short Frydman Set (Laboratoire C.C.D.). Luteal phase was supported by micronized vaginal progesterone (Crinone, Serono), given once daily starting the day after egg retrieval. Clinical pregnancies were determined by a positive HCG test and the presence of fetal heartbeat by ultrasound at 28 days post transfer. Upon delivery, the babies weight, length, and Apgar score were recorded, as well as the eventual presence of any abnormality detected upon clinical examination.
Embryo evaluation and data collection Development of each normally fertilized embryo was monitored on daily basis. Early division was observed 26-28 h post insemination/injection. A second observation was performed four hours later on the same day, expecting that most of the embryos should be already divided into two cells. Although this observation is not our common practice, it was performed in order to have records of blastomere nuclearity. From day-1 up to day-3, cell number, symmetry, fragmentation and blastomere nuclearity were carefully observed and recorded. Blastomeres were classified as "OK" when only one nucleus was present, and as "MN" when two or more nuclei were observed. When nuclearity could not be easily determined by use of a standard Hoffman 40x objective, we used the objective provided for laser hatching (Fertilase, by Medical Technologies, Montreux, Switzerland) and could identify, most of the times, the nucleus status. According to the blastomere nuclearity, embryos were classified as: a) "Normal," when all blastomeres where "OK" on day-1 and -2 of development. b) "Corrected," when a MN blastomere on day-1 became mono-nucleated on day-2 (Figs. 1 and 2), and c) "Non-Corrected," when at least one MN blastomere was present on both day-1 and -2, or multinucleation appeared on day-2. Those embryos that showed 2 pronuclei on day-1 were classified as either Normal or Non-Corrected depending on their appearance on day-2. All those embryos that failed to exhibit nuclei due to the fact that they were in metaphase when being examined were excluded from the study group.
Statistical analysis was performed with the Student's ttest. Significance was set at 0.05. 
Results
Seven hundred and twenty five cycles were performed from which 633 resulted in embryo transfer (87.31%).
Embryo multinucleation was present in 33% of the cycles studied. The extent and type of multinucleation (number of MN blastomeres per embryo, number of MN embryos per case, time at which blastomere multinucleation became evident and/or disappeared) varied widely and was unrelated to the procedure performed, IVF or ICSI (31% and 69% for the mono-nucleated group, and 28% and 72% for the MN group).
Of the 633 cycles transferred between February 2003 and January 2005, we transferred exclusively mono-nucleated embryos in 427 cycles (968 transferred embryos), resulting in 124 clinical pregnancies (PR = 29.0%) with 184 implanted embryos (IR = 19.0%). The remaining 206 cycles (500 transferred embryos), which had at least one embryo transferred that was MN at a given stage of development, resulted in 59 pregnancies (PR = 28.6%) with 79 implanted embryos (IR = 15.8%). The women's average age was very similar for the two groups (33.2 and 34.5, respectively), as well as the number of embryos transferred per cycle (2.27 and 2.43, respectively). Akin results were also found for the embryo score at the time of transfer (91.9 for the mono-nucleated group and 88.5 for the MN group) and the culture media used: Global (59.3% and 58.6%) or P1 (40.6% and 41.2%) both respectively for the mono-and multi-nucleated groups. No significant differences were found regarding the procedure performed, pregnancy and implantation rates, woman's age, number of embryos transferred, embryo score and the culture media used.
Even though the IR for the MN group is slightly lower than the one for the mono-nucleated group (15.8% versus 19.0%), the difference is not statistically significant and far smaller than expected, based on transfers where at least one embryo, out of the 2.43 transferred, was MN, with a supposed lower implantation potential. The relatively similar IR found for both groups suggests that an important number of MN embryos can change to "corrected" and/or that even some apparently "non-corrected" embryos could actually give rise to implantation. Cycles with transfers of exclusively "corrected" or "non-corrected" embryos occur very seldom; therefore, we decided to look into our cohort of transferred cycles with at least one MN embryo where the transfer of "corrected" embryos could be unequivocally correlated to the pregnancy outcome, as well as cases where transfer of "non-corrected" embryos could be also correlated to the pregnancy outcome. Table 1 shows that nine such cases were detected; five cases were from "corrected" embryos (cases # 1-5), three cases were from "non-corrected" embryos (cases # 7-9), and one case (# 6) was from both "corrected" and "non-corrected" embryos. 1  2  2C 2MN  4C 4OK  0  2  0  2  2C 2MN  4C 4OK  2  2  2C 1MN  4C 4OK  1  1  0  2  2C 2OK  4C 4OK  3  2  2C 1MN  4C 4OK  0  2  0  1  2C 1MN  4C 4OK  2C 2MN  4C 4OK  4  3  2C 2MN  4C 4OK  0  3  0  2  2C 2MN  4C Eight normal, healthy babies (or may be even 9) were born from "corrected" embryos (2 babies in case # 1, 1 in case # 2, 1 in case # 3, 2 in case # 4, at least 1 of the 2 born in case # 5, and 1 in case # 6). As to the "non-corrected" embryos, four healthy babies were born (1 baby each in cases # 6, # 7, # 8, and # 9).
Discussion
Many studies associate embryo MN with many different factors; thus, there is not a unique explanation. However, several explanations have been proposed: karyokinesis in the absence of cytokinesis [1] , partial fragmentation of nuclei [31] , changes in temperatures and suboptimal culture conditions [22] , abnormal human sperm centrosome [32] , cytoskeletal and spindle malfunction, and defective migration of chromosomes at mitotic anaphase [12, 13, 31, 33] . The occurrence and timing of multinucleation is quite variable. Additionally, correction of abnormal blastomere nuclearity might occur, as shown by Pickering et al. [13] , who disaggregated human embryos and found that some multinucleated cells produced mono-nucleated blastomeres. Staessen and Van Steirteghem [25] , using 3 probes FISH, also found that 30.4% of embryos that had at the 2-cell stage both blastomeres bi-or multi-nucleated contained, upon further cleavage, only mononuclear diploid blastomeres, concluding that the genetic constitution of bi-or multi-nuclear blastomeres, especially those that further divide, is not always abnormal.
According to other authors, no correlation is found between multinucleation and maternal age or the procedure performed, IVF or ICSI [3, 7, 8, 20, 25] . In contrast to general assumption, we found no difference when comparing results of pregnancies where at least one MN embryo was transferred with results on pregnancies with no MN embryos transferred.
Accurate blastomere nuclearity detection and characterization is not easily attained on a single observation. Detection can be achieved by time studies [5] , but these might compromise embryo quality. Conciliating the number and timing of embryo visualizations whilst avoiding disturbing them is critical. It should also be noted that, besides timing, there are other limiting factors for proper nuclear visualization, like the presence of granular cytoplasm, cytoplasmic fragments and overlapping blastomeres, all of them making difficult to properly asses embryo nuclearity beyond the 4-cell stage. Hence, it is possible that some of the embryos classified as "non-corrected" might have evolved into "corrected" at the time of transferring, and undoubtedly afterwards. We believe that a careful daily observation gives us a proper idea of embryo nuclearity and eventual MN correction.
Only those cases where exclusively MN embryos are transferred (because of no good, mono-nucleated embryos were available) are helpful for determining their implantation rate, but these cases occur very seldom. When both normal and MN embryos are transferred, depending on the pregnancy outcome, one can eventually deduce the fate of the MN embryo(s). Using this approach, Balakier and Cadesky [7] reported 19 MN embryos transferred (6%) in a cohort of 338 patients: four of them implanted (21%), two led to spontaneous abortion and two healthy infants were born. Joris et al. [27] found one case, within 24 pregnancies, that evidenced the implantation of a MN 2-cell embryo. Pelink et al. [9] reported eight cases with only MN embryos transferred from which one pregnancy was established; in this particular case, two embryos were transferred, both with one mono-nucleated and one MN blastomere. Van Royen et al. [3] also reported one MN embryo that implanted in a single embryo transfer, and five infants born from 44 double MN embryo transfers. Jackson et al. [2] described 25 cycles in which all transferred embryos had at least one MN blastomere; three implantations were established in this group, which resulted in one spontaneous abortion and two healthy twins. According to these reports, between 10 and 12 babies were apparently born from embryos that were MN at a given stage; it is not known, however, whether these embryos experienced a correction before transfer. In our series we detected 12 infants born unequivocally from embryos that were MN at a given stage: 8 from corrected embryos and 4 from non-corrected. This is obviously a minimum figure, since more, undetectable cases might exist.
Different groups have tried to explain how can we have good outcomes from such "bad embryos." They proposed ideas such as cytokinesis being resumed on later cell divisions [8] , that multinucleation could be a precursory step of nuclear membrane breakdown during cell division, as a temporary and reversible phenomenon [25] , the presence of pseudonuclei with a possible fusion between them afterwards [8, 31] and that, even though the blastomeres are totipotential, there is a preference for the chromosomally abnormal cells to allocate in the trophectoderm [34] .
Embryos with multinucleated blastomeres may not be the best choice for transferring but, given the fact that sometimes are the only option, it is reassuring to know that they do have a chance to implant and give rise to healthy babies. We do not know whether corrected embryos behave like normal embryos and should not even be included in the MN group. Also, it is very likely that the embryos we call non-corrected underwent correction, thus actually belonging to the corrected group. Regardless of these speculations, it is important to emphasize that careful nuclear observation on a daily basis should be part of the strategies used for embryo selection. This observation allows optimization on the decision that has to be made, on each patient, for the number and type of embryos to transfer in order to improve implantation rates and avoid multiple pregnancies.
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